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(54) METAL-MATRIX CARBON-FIBER-REINFORCED COMPOSITE MATERIAL AND ITS 
MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the conventional problem that direct reaction 
between metal and carbon fiber in a metal-matrix carbon-fiber-reinforced composite 
material causes the deterioration of the carbon fiber and the expected characteristics, such 
as strength, Young's modulus, high thermal conductivity and low thermal expansion, 
cannot be exhibited and to find the various characteristics of the metal-matrix carbon-fiber- 
reinforced composite material and to provide the material having excellent weatherability 
and heat resistance by suppressing the above reaction. 

SOLUTION: In manufacturing the carbon-fiber compact, an organic precursor which 
remains in the form of carbon on firing in a nonoxidizing atmosphere is used as a binder so 
that the resultant residual carbon can be interposed later between the molten metal and 
the carbon fiber to prevent the direct reaction. Deterioration in strength of the carbon fiber 
can be prevented. In the method for manufacturing the metal-matrix carbon-fiber- 
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reinforced composite material, composing with the metal is performed by pressing the 
molten metal into the carbon compact under high pressure. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A metallic matrix. 

As reinforcement, it is carbon fiber. 

It is the metal matrix composite provided with the above, and is characterized by a volume 
ratio of reinforcement being 15 to 65%. 

[Claim 2]Said metallic matrices are aluminum, magnesium, copper, silver, and the metal 
matrix composite according to claim 1 that are chosen more and that consists of metal or 
those alloys more than a kind at least. 

[Claim 3]The metal group composite according to claim 1 which uses as reinforcement a 
Plastic solid which consists of an organic precursor binder which becomes carbonaceous 
by calcinating in fibrous material which consists of continuous glass fiber which consists of 
carbonaceous or graphite or staple fibers, and these mixtures as said carbon fiber, and a 
non-oxidizing atmosphere. 

[Claim 4]The metal matrix composite according to claim 1 containing more than a kind of a 
group which consists of textiles, a whisker, or powder in which a volume ratio as 
reinforcement of said carbon fiber is not less than 50%, and consists of quality of alumina, 
quality of mullite, quality of silicon carbide, and quality of silicon nitride except it which 
consists of a carbon fiber Plastic solid substantially. 

[Claim 5]A manufacturing method of a metal group carbon fiber composite material 
characterized by casting in a pressure of 20 or more Mpa with this Plastic solid within a 
metallic mold after it preheats beforehand claim 3 and the carbon fiber Plastic solid 
according to claim 4 by a non-oxidizing atmosphere and metal of a matrix of claim 2 has 
fused. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to metal group carbon fiber reinforced 
composite materia and a manufacturing method for the same. 
In detail, are the high heat conductivity for the package of a semiconductor, and The 
substrate of the rate of low thermal expansion, Offer of lightweight high strength part article 
materials, such as specific strength, a high structural material for aeronautics and 
astronautics of the ratio of rigidity, a part material of an internal-combustion engine, a 
common industrial structural material, and care apparatus, is attained to with useful metal 
group carbon fiber reinforced composite materia, and it is related with the manufacturing 
method. 

[0002] 

[Description of the Prior Art]Since the reaction of molten metal and carbon fiber occurred 
and the intensity of the carbon fiber which is reinforcement fell remarkably conventionally 
when the metal matrix composite containing carbon fiber carried out being application-of- 
pressure impregnated of the metal with scorification, the intensity of the done metal matrix 
composite was remarkably low too, and what is equal to practical use was not able to be 
manufactured. 

[0003]on the other hand - carbon fiber - specific strength and a ratio it excels in Young's 
modulus, and since processability is also good, they are the only cheap and mass- 
produced textiles. These were [ only being used mainly for the composite material of what 
made tic / brass / the matrix, and ]. The material of the parts by which high reliability is 
needed for heat-resistant lack and weatherability for a not good reason is not presented 
with the composite material with a plastic. 
[0004] 

[Problem(s) to be Solved by the InventionJTherefore, the technical problem of this invention 
is lightweight and there is in providing the carbon fiber reinforced metal group composite 
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material which acquires heat resistance and high-reliability taking advantage of the 

characteristic of carbon fiber of having high intensity and high elasticity. 

[0005] 

[Means for Solving the Problem]When they create a carbon fiber Plastic solid, this invention 
persons use first an organic precursor which remains as carbon by calcinating by a non- 
oxidizing atmosphere as a binder, in order to solve a technical problem of this invention in 
view of the conventional status of development. These carbon that remains, and the sum 
total of carbon fiber adjust so that it may become 15 to 65% by a volume rate. At this time, 
a volume rate which totaled with carbonaceous textiles, a whisker, or powder which 
consists of quality of alumina other than carbon, quality of mullite, quality of silicon carbide, 
and quality of silicon nitride is good as for 15 to 65%. 

[0006]Next, the above Plastic solids are preheated within a non-oxidizing atmosphere, and 
what aluminum, magnesium, copper and metal more than a silver kind, or its alloy fused is 
put in in a metallic mold, and it casts, applying it. Preheat temperature of a Plastic solid at 
this time is made more than metaled solidus temperature, and from liquidus temperature, 
50-200 ** of metaled melting temperature is made high, and is performed. Although a 
pressure to cast changes with a volume rate of carbon fiber, paths of textiles to be used, 
etc., 20 or more Mpa is required for it. 

[0007]A metal group carbon fiber composite material is obtained as mentioned above. 
Since a substance which remains as carbonaceous in a carbon fiber Plastic solid served as 
molten metal and shock absorbing material between textiles as a binder at this time, a fall 
of intensity of carbon fiber was able for a reaction between direct molten metal and carbon 
fiber not to occur, but to protect. 

[0008]Thus, an obtained metal group carbon fiber composite material, It is lightweight and 
intensity and Young's modulus are large, and even, if it exposes to outdoor sunlight etc. 
further, what degradation as a composite material does not have as a member in an 
internal-combustion engine, and made a plastic a matrix has poor weatherability, In a not 
less than 100 ** pyrosphere, it is difficult for a matrix to gasify gradually and to hold early 
intensity and Young's modulus. 
[0009] 

[Embodiment of the lnvention]The metal group carbon fiber composite material of this 
invention demonstrates various characteristics with the matrix which is the element, and the 
combination of reinforcement. The example of the target characteristic, and the matrix 
chosen and the combination of reinforcement is shown in the 1st table. 
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[0010]Next, a more concrete manufacturing method is shown. First, it describes about the 
manufacturing method of a carbon fiber Plastic solid. The carbon continuous glass fiber of a 
pitch system is put in order and put in the box of specified shape in one way, and after 
making the solution which adjusted phenol resin to 10wt% in ethanol, this is calmly poured 
out into the box which arranged carbon continuous glass fiber. If this box is held at 40 **, 
ethanol will evaporate and a soft Plastic solid will be acquired. Then, it calcinates at 1500 ** 
in Ar air current, and, in carbonaceous, an opening acquires 55% of carbon Plastic solid 
45% by volume. It was considered as Plastic solid A. 

[001 1]Next, since it is put in the box of specified shape after stirring too a thing with a length 
of 5 mm of PAN system carbon fiber in phenol resin 10wt% of an alcohol solution, and it 
holds at 40 ** and all ethanol was evaporated, it was begun to take a Plastic solid and the 
carbon fiber Plastic solid without directivity was acquired. At 2300 **, this thing was 
calcinated in Ar air current, and carbonaceous acquired 23% of carbon Plastic solid. It was 
considered as Plastic solid B. 

[0012]The pitch based carbon fiber was arranged in one way, it stuck via the epoxy resin at 
0.05-mm-thick pasteboard upwards, and a 1.5-mm thing was obtained as textiles thickness. 
Laminate this thing in an order which one layer becomes in the direction of X, and a bilayer 
eye consists of in the direction of Y into a square box, and it is begun to color the contents 
of the square box, It calcinated at 300 ** by Ar air current, one side of 50-mm length in 
thickness pressurizing a 100-mm Plastic solid with a pressing machine from a top, being 28 
mm in thickness, and holding the state. Thus, after obtaining the thing of 35% of the volume 
rate of the acquired carbon fiber Plastic solid, it dips into the underwater suspension of the 
silicon carbide powder whose mean particle diameter is 1.2 micrometers, it dries at 120 **, 
there are the place and 5% of weight increment which measured weight, and the volume 
rate of silicon carbide was presumed to be about 3%. The Plastic solid was set to C. 
[0013]The alumina staple fiber immersed the textiles of the cylindrical voice which used 
carbon fiber as the plain weave in the inside currently suspended in phenol 10wt% of an 
alcohol solution, and the very thing was put on the stick made from the vinyl chloride of a 
7.5-mm diameter. Similarly, five more layers were performed. This was dried at 60 **, it 
calcinated in 1400 **Ar after that, and cylindrical Plastic solid 7 mm in inside diameter which 
consists of carbon fiber substantially of nature of alumina 5 volume % and carbonaceous 3 
volume % from carbon fiber 38 volume % phenol, and the thing of outer diameter 100 mm 
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of length of 12 mm were obtained. It was considered as Plastic solid D. 
[0014]Next, the carbon fiber Plastic solid acquired by making it above is compounded with 
various metal matrices, and the manufacturing method of metal group carbon fiber 
reinforced composite materia is shown. Using Plastic solid A, this is preheated at 750 ** 
among Ar, and pure magnesium is too held at 750 **. Next, after arranging a Plastic solid 
on the metallic mold with a 200-mm x 200 mm of inner-sizes depth of 100 mm beforehand 
preheated at 300 **, magnesium was slushed by melting, and pressure 100Mpa was added 
and cast. Then, as for the place and density which started the portion of magnesium group 
carbon fiber reinforced composite materia, and were processed into the specimen and for 
which density, tensile strength, and Young's modulus were measured, 1,020Mpa and the 

Young's modulus of 2.0 g/cm and tensile strength were 530Gpa. Change of what was not 
observed, either, although this thing was immersed for ten days into 40 ** warm water. It 
was checked that the metal group carbon fiber reinforced composite materia which are a 
light weight, high intensity, and high Young's modulus, and does not have degradation of 
the textiles by a reaction had been obtained by this. 

[0015]Next, using Plastic solid B, too, it held at 1 150 ** in Ar, and it flowed into the metallic 
mold as shows drawing 1 what fused another side pure copper (JISC1020) at 1200 **, 
Plastic solid B was moved on it, and application-of-pressure casting was carried out by 
80Mpa. The portion of the copper group carbon fiber reinforced composite materia after 
coagulation cooling was started, and it was processed into the specimen which measures 
thermal conductivity and a coefficient of thermal expansion. Thermal conductivity was the 
place and 420 W/mK which were measured with the laser flash method. The coefficient of 

thermal expansion was place and 11x10" 1/K measured with the thermal analysis 
apparatus. The result checked that the metal group carbon fiber reinforced composite 
materia of the rate of low thermal expansion had been obtained with high heat conductivity. 
[0016]Using Plastic solid C, it holds at 800 ** in Ar similarly, another side and pure 
aluminum (JISA1050) were fused at 800 **, it flowed into the metallic mold as shown in 
drawing 1 , Plastic solid C has been arranged on it, and application-of-pressure casting was 
carried out by 100Mpa. The aluminum group carbon-fiber-reinforced-composite-materia 
portion was started after coagulation cooling, and three kinds of materials, an X axial 
direction, Y shaft orientations, and also Z shaft orientations, were processed into each 
specimen of tensile strength, density, and thermal conductivity. The result of each 
specimen is shown in the 2nd table. 
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Although each specimen was underwater held for ten days, the aluminum group carbon 



http://www4.ipdl. inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4... 2/5/2008 



JP,2002-294359,A [DETAILED DESCRIPTION] 



Page 5 of 6 



fiber reinforced composite materia of high heat conductivity healthy at a light weight was 
able to be obtained from the result of the more than to which change of what was not 
accepted, either with high intensity to the orientation direction of carbon fiber. 
[0017]Next, Plastic solid D is heated at 750 ** in Ar, this was allotted in a metallic mold like 
dr awin g 1, 760 ** pure magnesium was poured out, and application-of-pressure casting 
was carried out by 50Mpa. The magnesium group carbon fiber composite material portion 
was started after coagulation and cooling, and 7 mm in inside diameter, the outer diameter 
of 1 1 .5 mm, and 95 mm in length were processed. This thing is inserted in the pin part of 
the piston of an internal-combustion engine, and the place and abnormalities which did the 
engine mounting test cannot be discovered between 10Hrs, but there is no change of the 
weight before and behind a test, and it was stable with 9.89gr. Since the weight of the pin 
made from the conventional casting was 48.81 gr, the weight saving was able to be carried 
out to about 1/5. 
[0018] 

[Comparative Example(s)]The carbon fiber of a pitch system was stuffed into the cylinder 
made from alumina ceramics (30-mm100 mm in length in inside diameter), and the body 
obtained 45% of thing by the carbon fiber volume rate. After heating this in Ar and holding 
at 750 **, it has arranged in the metallic mold shown in drawing 1 , each was filled with the 
molten metal of 750 ** pure magnesium and 750 ** pure aluminium (JISA1050), and 
application-of-pressure casting was carried out, respectively. Welding pressure was in 
100Mpa. After coagulation cooling, the place and aluminum group carbon fiber composite 
material which began to take each compound part, processed it into the test piece for 
tensile test, and did the tensile test - 80Mpa and a mug - in a SHIUMU group carbon fiber 
composite material, it was set to 1 10Mpa and expected intensity was not obtained. The 
place which immersed the specimen in 40 ** underwater, and 30 minutes afterward, air 
bubbles do not have an intermission and it was generated. This can do carbide by the 
reaction of carbon and metal, as shown in a following formula, and it is regarded as the air 
bubbles by methane. 

A 1 4 C 3. + 6H2 O 2 A 1 2 0 3 + 3CH4 

Mg 2 C + 2H a O 2MgO + CH„ 

[0019] 

[Effect of the lnvention]The metal group carbon fiber reinforced composite materia of this 
invention has the feature in having given the buffer effect for reaction control with the 
organic precursor binder which becomes carbonaceous by inhibiting namely, calcinating 
the reaction of metal and carbon fiber in a non-oxidizing atmosphere, while making the 
Plastic solid of carbon fiber. For this reason, it is cheap, and the carbon fiber mass- 
produced maintains healthy intensity, rigidity, and continuity, and brings about not only 
metal strengthening but an improvement of metaled thermal conductivity, and the fall of 
thermal expansion. In the industrial world, since this thing can bring about improvement of a 

http://www4.ipdl.inpit.go jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4... 2/5/2008 



JP,2002-294359,A [DETAILED DESCRIPTION] 



Page 6 of 6 



semiconductor package and can bring high reliability to the structural material for 
aeronautics and astronautics which does not suit in plastic reinforcement, the part material 
of an internal-combustion engine, etc., it is a very useful invention. 



[Translation done.] 
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LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 
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3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[ » figure 1] It is a schematic diagram showing the structure of the manufacturing 
installation of the metal group carbon fiber reinforced composite materia of this invention. 
[Description of Notations] 

1 Pressure plunger 

2 Metallic mold 

3 Molten metal metal 

4 Carbon fiber Plastic solid 
However, 3 and 4 may replace. 
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DRAWINGS 

[~ figure 1] 
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